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(54) Ring networtc for sharing protection resource by woridng communications pattis 



(57) In a ring topok)gylielw6irk. a nund)er of nodes 
interconnect transmission links to form first and second 
working rings and first and second optical protection 
rings in a ring topology. Multiple whongl^is^ are 
estat)lished on each working ring and jruf^e protecy' 
ctibn patfe are established on each protectk)n ring corre- 
sponding to the woridng paths. A fi^'working path 
spans aaoss first and second nodes for trai^smission of 
a signal in a first'difectioh of the ring topology, and a 
se^nd^orl^ng patfyof the second woridng ring spans 
across the f irst and second nodes for transmission of a 
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signal in a secoridWection of the ring topology oppo- 
site to the first directioh A first protecb'on^ttrbn the first 
protection ring spans across the~first and:se(x>r^ nodes 
for transmission of a signalJrLthe skx)nd dlrectic^ of the 
ring topology and a second protean peUi of the sec- 
ond protection ring spans across the first jnd sep ond 
nodes for transmission of a signal in thelirst^ire^on'^ of 
the ring topotogy. The first and second ncdeslwrinally 
use the first and second woridng paths, respectively. 
Responsive to a failure of one of the first and second 
woridng paths, the first and second nodes use a corre- 
sponding one of the first and second protection paths, 
instead of the failed woridng path. 
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Description 

BACKGROUND OF TtiE INVENTION 
Retd of the Invention 

[0001 ) The present Invention relates generally to self- 
healing oommunications networks, and more spectfi- 
cally to a ring topology network which supports multi- 
plex signals on protection communication paths during 
failures by fast switching from working communication 
paths. 



Description of the 



1^ 



reojvery route is significantly long. If a working (»th 
spans across one half of its ring, the length of the recov- 
ery route would become one and half times the whole 
length of the ring.. 



70 



[0002] Ring topok)gy networks, particularly, optical 
ring networks are currently receiving attention because 
of the number of wavelengths that can be multiplexed 
onto a single optical link is increasing due to recent 
innovative technk^es. A raj mber ofJ «d[)nk:al,publtoa- 
tk>ns deal with this topia A^t^fi^Wg^^ 
cussed in—a^ technical paper "Multiwavelengtti 
Surm^ble^R^ Elrefai^ 

/ Pnroedings of ICCSg, pages_1245-1251, 1993. 

^According to'this publication, a^loopbad^faultTep^iy^ 
method Is described. In a fbur^b&lingnetwork where 
optical links are interconnected by a number of network 
nodes so that working rings are formed for transmsston 
of signals in opposite directk)ns of the ring topology and 
protectkm rings are formed for transmissfon of signals in 
opposite directions of the ring topology. The protection 
rings res pectivel y correspond to the working rings and 
theSirStfon of transmission oT^ijprotSBonring is/ 
also opposite to the direction of tran^^dh of'the cor^ 
responding woridng ring./Optical paths are established 
on each of the woridng and protectfon rings between 
networi( nodes. If a woridng optk;al path between 
source and destinatfon nodes fails, two foopback points 
are formed, one on each end of the affected link of the 
woridng path, for connecting ends of the corresponcfing 
protectfon optical path to unaffected sections of the 
woridng path so that a recovery route is established 
between the source and destination nodes. 
[0003] Since the foopback points are dose to the loca- 
tion of the failure, the recovery route can be quickly 
established by nodes adjacent to the fault location and 
there is no need to excharige^ult.repgyeryjne^ 
between^nodesjnvolved. However.^the length of tiSe 
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?!?!^^93S^^i2!Ste!^i^.S ^ a woridng ring'jor' 
^transmission of sigrajs in prTe direction of the ring topol- 
/ ogy and Jtie.other for transmission jS the same signals 
/ jn the opposite^irection. A woridng path is established 
on the woridng ring between two nodes and a corre- 
sponding protection path is established between them 
on the protection ring. Under nomnal conditions, signate 
from the source node are fonwarded onto the working 
path as well as onto the protection path. If the woridng 
path fails, instant switching occurs at these two nodes to 
continue the communication over the protection path. 

[0005] Although ail signals can be full y and q utekly 
recovered on the protection. path,^,the constant use of 
theprotectionpathrutilj^tioneffidency^ofthetransniis- 



15 ^sion mediums is toM 



SUMMARY OF THE INVENTION 



[0006] It is therefore an object of the present invention 
to proy jde a ring t opology networi< w hich requires ^Tog"- 
/•^ngttifaurt reraywy rout^^nd^niures high efficient 
^utiliza tion of trans missfon mediuris: ^ 
[POOT] According to a first aspect of the present inven- 
tion, there is provided a communications networic com- 
prising a plurality of transmission links and a plurality of 
nodes for interconnecting the links to fonm a woridng 
ring and a protection ring in a ring topology, and estab- 



lishing a/^ajSy^^^^pati^ on the woridng ring 
and a pluiglffljo f protecboh patf ^ on the protection ring 
con'espon ding to the plu rality of woridng paths. In the 
network, one of the woridng^ttS spans across first 
and secorid nodes d the pliffality of nodes for transmis- 
sion of a signal in a first direction of the ring topofogy, 
and one of the protection paths spans across the first 
and second nodes for transmission of a signal in a sec- 
ond direction of the ring topofogy opposite to the first 
direction The first and second nodes normally_i|se-the 
woridng path tha t spans across them^^^^we,to a^ 
^failure of the woridng pafli, the nodes iB^J^e.p^^ 
^hthat S(^r^^^^th^TiJr^tea^ 
log path. 

[0008] According to a second aspect, the present 
invention provides a communk;ations network compris- 
ing a plurality of transmissfon Gnks, and a plurality of 
nodes for interconnecting the links to form first and sec- 
ond woridng rings and first and second protection rings 
in a rir^topotog^^aiid^^ 

^M^ P^^Im rings (»rre- 
i^poifiding to the plurality of working paths. A first 



working path of tiie first working ring spans aaoss first 
and second nodes for transmission of a signal in a first 
[0004] *A two fSaer ring network is described in a tech- direction of the ring Jtopology..and.a.|^»djwori^^ 



nira^paperl^n^pticaJ^^ 
^^Networtt.EmpJoyjng j^jrayed,^^^ 
'and EDFA's wrth^l^^Equarizers"n3i^^ et a^.. 



P^^^^^^^^S^^!^^ ""9 spans aCToss:theJnst 
an d seco nd nodes for transmission of a signal in a sec- 
orxTdirection ofjie rmg topofogy opposite to the fast 
djrkrtion! A first protection patti on the first protection 
ring spans across the first and second nodes for trans- 
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lEEEJournaLon S^erted Are^Jr^Comrnunica^ 
\fel.'^l4?ito?5rpages 8^-813. In the two fiber ring ne^ 
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mission of a signal In the second direction of the ring 
topology, and a second protection path of the second 
protection ring spans aaoss the first and second nodes 
for transm^sion of a signal in the first cOrection of the 
ring topology. Th&fifst and^^ond nodes nonrmOy use 5 

and second wrWn^^ patfrs, resf^ctive^? 
Rlsporsh^ to a failureof one of th 
w^ff^Tpaths. thelMand second nodes use a dorret^ 
' ^s^cuidj^^ 0^^^ of the first arid skond protectionjpaths, 
ir^ead of the faOed.woridng path. ;o 

[0009] According to a third aspect, the present inven- 
tion provides a communications networic comprising a 
plurality of transmission links; and a plurality of nodes 
for interconnecting the links to fonn a woridng ring and 
a protection ring in a ring topology, and estat)lishing a is 
plurality of ^woHdng paths on the woridng ring and a plu- 
rality of extra traffic paths on the protection ring. One of 
the woridng paths spans across first and second nodes 
for transmission of a signal in a fir st direction of the ring 
topology and one of tf^e^^^trlffig^ptFs spar^^acf^ 20 

^^'fifg]|rd,^ond^ri3d^fol^^ 
ority signal in auSecond directioh of the ring topology 
opposite to the^first.direction. The first and second 
nodeslrarmaliy_use the working \^ that spansacross^ 
them. [When a failure occurs in the working path. ^b^2s 
^extra tfiffic path t>etw&en the nodes is cleared and a 
short-haul protection»paj!i,^ estaUsh^^ using it 
insti^ of the failed woridng p^. If the short-haul pro- 
t^tkm path is not successfully established due to a fur- 
ther failure, other extra traffic paths are cleared and a so 
long-haul protection path is established for using it 
instead of the farled woridng path 
[0010] According to a further aspect, the present 
invention provides a oommunk:ations networtc in which 
fir^ arid.second woridng paths are assigned alirSTie^^ 35 

fworii resource aridfinstjmdsecpr^ 
assigned alecond n^wpric resourca^ The first node 
normally uses the ffist networic resource and the first 
woridng path for transmission of signals, and in 
response to a failure in the first ring, uses the second 40 
networii resource and the second protection path, 
instead of the first network resource and the first work- 
ing path. The second node normally uses the second 
networic resource and the second working path for 
trai^ission of signals, and in response to a failure of 45 
the second ring, uses the first networic resource and the 
first protection path, instead of the second networit 
resource and the second woridng path. 
[0011] According to a still further aspect, the present 
invention provides a communications networic in which so 
first and second woridng paths are assigned first and 
second networit resources, respectively, and first and 
second protection paths are assi^ed the second and 
first networic resources, respectively. TTie first node nor- 
mally uses the first networic resource and the first work- ss 
ing path for transmission of si^ials and is responsive to 
a failure of the first ring to use the second protection 
path instead of the first woridng path. The second node 



normally uses the second networt^ resource and the 
second woridng path for transmission of signal and is 
responsive to a failure of the second ring to use the first 
protection path instead of the second protection path. 

[001 2] According to a still further aspect, the present 
invention provides a networic node for a ring topology 
networK the networic having first and second woridng 
rings and first and second protection rings in a ring 
topology, and a plurality of woridng paths on each of the 
woridng rings and a plurality of protection paths on each 
of the protection rings corresponcfing to the plurality of 
woridng paths, the networtt node comprising a first 
demult^exer for receiving a multiptex signal from one of 
the working paths for produdngjdrop-off signals,a first 
multiplexer for nultiplexing^'add-up^ signals onto the 
woridng path, a first path switch oxinected between the 
first denftiltiplexer and the first multiplexer.a second 
demultplexer for receiving a multiplex signal from one of 
the protection paths for producing drop-off signals, a 
second multiplexer for multiplexing add-up signals onto 
the protection path, a second path switch connected 
between the second denuiltiplexer and the second mul- 
tiplexer.a^tansmitpr^ 

swi^and corifrpj drcuitr^^for nionrtoring the woridng^ 
path and controDing^the tra^^rvt pr^ so 
that one of the addnip signals is coupled to tiie first irul- 
tiplexer when no failure is detected in the working path 
and coupled to the second multiplexer when a failure is 
detected in the working path, and controlling the receive 
protection ^ntch so that one of the drop-oft signals of 
th^ first miltiplexer is received when no failure is 
detected in the woridng path and one of thedropK>ff sig- 
nals of the second multiplexer is received when the fail- 
ure is detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The present invention wiD be descrbed in fur- 
ther detail with reference to the accompanying draw- 
ings, in which: 

/Fig.-1 is a bk)ck cfiagram of a ring topology optical 
networi( according to the present invention; 
Rg. 2 is a block diagram of an optical add-drop mul- 
tplexer of Rg. 1 ; 

Rg. 3 is a flowchart of the operation of the rrxmrtor 
circuit of the add<lrop multiplexer; 
Rg. 4 is a schematic diagram Olustrating nuiltiple 
optical paths established in one of the woridng rings 
a nd in o ne of the protection rings of Rg. 1 ; 
^0g: &\sa schematic cfiagram of a two-ring topology 
network according to a nrxxlified embodiment of the 
present invention; 

Rg. 6 ^ a block diagram of an add-drop multiplexer 
ofRg. 5; 

Rg. 7 is a schematic diagram showing routes fol- 
lowed by signals of Rg. 6 that occur in the event of 
link failures; 
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^Frgr^is a schematic diagram of a two-ring topology 
network according to a further modification of the 
present invention; 

Fig. 9 is a }skxk diagram of an add-drop multiplexer 
of Fig. 8; 

Fig. 10 is a schematic diagram showing routes fol- 
lowed signals of Fig. 9 that in the event of link 
failures; 

/FigsrHA"ancl~11B are schematic diagrams of a 
[^i%ib~topbk)gy^network according to a further 
embodiment of the present invention; 
Ftg. 12 is a block cfiagram of an add-drop multi- 
plexer used in the embodiment of Figs. 11A and 
118; 

Rgs. 13A and 13B are flowcharts of the operation 
of the monitor circuit of a destinatkm node of Figs. 
1 1 A and 1 1 B in the event of link failures; 
Rg. 14 is a flowchart of the operation of the monitor 
circuit of a source node of Rg. 11B in the event of 
link failures; and 

Rgs. 15A, 15B and 15C are block diagams of opti- 
cal protectk>n switches useful for universal applica- 
jons for possible failures in a/fourning-topology 
(nlgtwrlc ^ — — ^ 

DETAILED DESCRIPTION 

[0014] In Rg. 1. a wavelength-diviskm multf>tex 
(WDM) four- fiber ring networt^ of the present invention 
is illustrated. The networit is made up of a plurality of 
nodes 105 to 108 whk:h interconnect optical fik>er links 
to form ri ngs 101 to 104 in a ring topology. 
^SdJ^ ferm a first pair of woridng and protection trans- 
mission mediums, respectively, and the rings 103~anci 



/1 04 form a second pajrof^woridng and protectkxi trans- 
/mission rnedjun^ respi^tivelyrTheld 
mi^'onof the woridng and protection rings of each pair 
are opposite to each other and the direction of transmis- 
sion of the woridng ring of the frst pair is opposite to that 
of the woridng ring of the second pair. 
[0015] Each networic node has a first^dd-dropoptiral 
TO ^ep(er12 1;for processing optical signalswhichrior- 
maOy propagate in the clockwise cfirection over the 
woridng ring 101 of the first pair and asecondADM 122 
for processing optical signals whkii norrnally pro^gate 
in the counterclockwise direction over the working ring 
1 03 of the second pair. In the event of a failure, the ADM 
121 also processes signals prop^ating over the coun- 
tercfockwise ring 102, whQe the ADM 122 processes 
signals propagating ever the cfockwise ring 104. 
[0016] Each optical add-drop multiple xer oftti e net- 
wortc is connected to a network elemenfsu^r^ AT^"^ 
(asynchronous transfer mode) switcHS^r^ONET 
(SynchrohSis Optical Network} t«Tninatore~to^B^&^ 
'incoming trafficlagrals of wavdai^^ the 
1 .5 \un region by multiplexing them with other traffic sig- 
nals and drop off traffic signals of and in the 1.5 
|un region by demultiplexing them from other traffic sig- 



nals. In addition to the traffic sig nals. a si|)ervisory,or 
OAMI(opOTti^r^Hn^Son^and maintenance 
frame of wavelength Aq in the 1.3 fun region is multi- 
plexed with the traffic signals. 

5 [0017] AO optk^aladdKirop multiplexers 121 and 122 
of the networic are of klentical constructi on. As shown in 
Fig. 2, ea diADM 121 (122)jTcludes a worjkiriq A^ 
f proci^o^^and a^pirot^on^DM^ processor 210 of 
kJentical configuratiohT^ictrare^respectively con- 

10 nected in the woridng ring 1 01 (1 03) and the protection 
ring 102 (104). Because of the kJentical configuration, 
the description that folfows is only concerned with the 
ADM 121 forsimplknty. 

[0018] At the input of ADM processor 209, a WDM sig- 
15 nal aniving on the working ring 101 is supplied to an 
optical demultiplexer 300 where the tt gffiasidnal 
farated into wavelength,compo^ 
/optical splitters 301 and 302, respectivd^todrap off the 
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received signals. Optical pathavHches 305 and 306 are 
provided to establish adjunction point of an optical path 
or a source point of an optical path for add-up signals 
supplied from the n etworic elemerT t_wa_prgt^on 
switches 211, 212. Th'l^path swit^i^are^cpntro^ 
from an external'^ui^TagQ^u^ 
mult^lexef 307^viifSgnaIp 
or signalS'ffSnrttiepfbtectiBns^^ 
100191 — In a similar manner, counterclockwise WDM 
signal propagating over the protection ring 102 during a 
fault recovery period is sqpplied to an optical demulti- 
plexer 300' of the ADM processor 210 where the traffic 
signal is separated into wavelength components and 
.2 and fed to optical splitters 301* and 302', respectively. 
Optical path switches 305* and 306* are provided to 
establish a junction point of an optical path or a source 
point of an optical path for add-up signals supplied from 
the networic element via protectkxi switches 211, 212 
These path switches are controOed from an external 
source to exclusively supply an optical multq[>lexer 307 
with signals from the splitters 301. 302 or signals from 
the protection siiwgtes21 1 and 212. 
[OWOLOAM^fffKiSnd i^nwslpf tfiew^^ 
separated^^-the dermjHIp^^ 
/monitor circuit 2 1^ w here their contents are examined 
^toicpntrol'opti^ prqt^'on swrtchls21T.~2127213 a^ 
45 ^4. 0AM cdfnrand are also transmitted on the protec- 
tion ring 102 when it is used if the woridng route faSs. 
0AM command frames on the protection ring 102 are 
detected by the demultiplexer 300' and applied to the 
monitor drcurt 215 to control the optical protection 
50 switches 21 1, 212, 213 and 214 when the failed route is 
repair ed. M6nitor"circuit-215:also:relays"the~recej ved? 
QAM friame to downstream node as indica ted by brok ^ 
rines.250f 

[0021] To the irputs of protection switches 213 and 
55 214 areconnectedaplurality Of splitters 217 to 220. 
Splitters 21 7 and 218 extract a greater portion (90%) of 
energy of the drop-off signals from splitters 301' and 
301 for coupling to the protection switch 214 and supply 
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the remainder energy to the monitor circuit 215. Like- 
wise, splitters 219 and 220 extract a geater portion of 
energy of dropK>ff signals from splitters 302* and 302 for 
coupOng to the protection switch 213 and supply the 
remainderenergy to the monitor circuit215. In response 
to control signate frornttie nfionitoijar^ ttie pn> 
jtectk)n §mlcfr21 Sheets one of the outputs of spTrtters'^ 

spjitters 218 and 219.for coupling to^thejietwork ele- 
mecrt 

[0022] Rg. 3 is a flowchart of the operation of the 
monitor circuit 215 of each add-drop multiplexer during 
a fault recovery process. 



in the counterclockwise direction 

[0027] More specifically, the working path 131 is 
estatilishedbyAOMs 121 of nodes 106, 105 and 108 as 
follows. 

5 [0028] At the source node 106, the switches 305. 306 
set up connections between the protection switches 
211, 212 and the mul tiplexer 307 so 
of ^wivelengttKXi and^SonvSe^^ 
pass^tiitctMh the ipper positions of protection 
10 swi^^1\212 and forwarded onto the working ring 
101. At the intermecfiate node 105. the path switches 
305. 306 set up connections between the spOtters 301. 
302 and the multiplexer 307 to forward the received sig- 
nals onto the ring 101 in the clockwise directkm. At the 
[0023] A ifault recovery pfrocess be^VKjrvaiielwork 75 destination node 1 08, thf prot^*Si«iwtefT^21 372T4"? 



node when the^monitor drcurt of th^ node deterntines, 
that the bit errocratCbif aifi inconnin^ 



are operated to sejcKrt the outputs.of -splitters 220 and 
^218"fdrdSjpfi^ the terminating^signais receivedyina 



>the path switch^ . 305. 306 to cut off connectio^ 
'betweffl the splitters 301 , 302 and themultplexer,307. 
[0029] Optical protection path 132 is established by 
operating the path switches 305', 306' of intermediate 
node 107 to set up connections between the splitters 
301*. 302' and the nfiulti^&c^^307\At_the^^ 
106, the patKiwi 5i^305'-and30 6rSetup connectior^ 
be!weefrth^ protection switches 21 1,-212 and the mui^ 
tiF^tex^ 30tjlh preparati>n for p^fite trarsmrsaori of^ 
I'^^^^^^^fS^f^tion ring ll^when these 
protection^ swifches are swHchediothe kjwer position 



^tennnatrelp it$ jD?m splitters 301 . 302 to the network, dem^ whOetmiing 

find#esifu>ld-vaiue (step 35l|rif this isttie^se, the 
monitor circuit recognizes that its own node is a desb'na- zo 
tion node of a working optical path from the source node 
of the nxmitored signal and a link failure has occunred in 



thaJwrWng patti._IT^ to sle&_352;(?form||^ 

^lateand^ansmit an OAM frarneto^ adjaol^lvxie 
,over an unaffected section of the working ring, contain- 2S 
ing the source node identifier in ttie de^nation address 
(DA) field of the frame, the path identifier of the failed 



working path and the type of fault At step 353. themoii 



as 



itoTcirajrt of the desb'natk)n node peribiins protection 
switching ffolif the failed woridng path'td a protection? 30 
path pre-established between the source and destina- 
tionnod^.J 

[0024] Ifthedecisk>natstep351 is negative or if the 
monitor circuit of the destination node has peribrmed 
protection switcNng at step 353. flow proceeds to step 
354 to monitor OAM frameSw If an OAM frame destined 
for another node Is received, flow proceeds to step 355 
to fonward the frame onto an unaffected section of the 
woridng ring so that the frame is relayed to an adjacent 
noda 

[0025] If the decision at step 354 is negative or the 
monitor circuit has relayed an OAM frame to an adja- 
cent node, flow proceeds to step 356 to check to see if 



40 



] TAtttiedestination node 108, ttiet path switches 
3O5'."306* afe firned off to. prevent no signals from^ 
beihg'applied from these switches to the nuttblexer/ 

nahng sigl^^ate from tiie protection ring 102 via^e 
Idenriultiplec^lSS^wh^ 21? 

[P031]-^The operation of the fkTwchart of Rg. 3 will be 
descrft)ed below by assuming that a link failure occurs 
b^een nodes 105 and 106 on ttie woridng path 131 as 
indk;ated inRg. 1. 

[0032] Rrst the monitor circuit 215 of the destination 
node 108 detects the occurrence of the linkfaOure when 



it determines that the brt error rate of the signals from 



r 



an OAM framjB destined for its own node is.received. {If/ splitters_2_18. 220^has^ droj^ below the threshold 



so. the rtibnitor circuit of the source node recognizes 
that a Iin1( failure has^oot^rred in a wpildng patii ideriti- 
fied t}y ttie path id Aier of ttie received frame and per-^ 
kxnis'' protection switching ^ t^ ttie pre-established 
protection ring' and retunns tothe starting point of ttie 
>oirtiri§. If ttie decision at 5^J356 is negative, flow 



returns to step 351. 
[0026] Ther^e. if a link failure occurs between 
nodes 105 and 1 06 as shown in Rg. 1 , ttie WDM signal 
nonnally propagating clockwise over an optical woridng 
patti 131 from sou rce node 106to destination node 108 
i s affected and pro tection switching"obc^rs.at:sourcg 
and destination nod^^§an9id8 to switch over a pro- 
tectionopti(»l path 132 to transport ttie affected signal 



45 / value (step 351).'Monitor drcuit 215 of ttie destination 



node 1 08 formulates an OAM frame 1 33, containing ttie 
identifier of source node 106 and ttie identifier of ttie 
failed patti 131 and a protection switching command. 
This frame is transmitted o/er an unaffected section of 
50 woridng ring 101 to node 107 (step 352), where ttie 
monitor circuit 215 of its ADM 121 examines the desti- 
nation node identifier. Recognizing ttiat ttie frame is not 
destined tor ttie node 107 (step 354), it retransmits ttiis 
frame to the source node 106 as an OAM frame 134 
55 over an unaffected section of woridng ring 101 (step 
355). 

[0033] Meanwhile, ttie monitor circuit 215 of ttie des- 
tination node 108 operates ttie protection switch 214 to 
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connect fte out put of splitter.217,to je network~element 
(st^ ag) so tfiat it canre^ve|^^ Sghal whidi 
wiB^be'San^ntled proteSiOT p^Ml^iJ'fr 
s ource n odel^. 

[0034] When the monitor circuit 21 5 of 'sourcelwcle s 
cioe^receives the 0AM frame 134 (step 356)7it recog- 
nizes that the frame is destined for its own node and a 
link faiit has occune d and OTvia^swrtchind toa^ 
Cte^OTj^T^^^^ti^^ 
^2121^^ 357>! As a result the signals from the source io 
node 106~are coupled through the protection switches 
21 1 , 212 and path switches 355\ 356' and multiplexed 
by the multiplexer 307 into a WDM signal and fonivarded 
onto the protection path 132 and transmitted in the 
counterclockwise direction to the intermediate node 1 07 is 
and relayed to the destination node 108. 
[0035] When the link failure is repaired, the network 
configuration is restored by switching from the protec- 
tion ring to the working ring in preparation for a possible 
linkfailura 20 
[0036] tfthelinkfailureb6tweennodes105and106is 
due to a cable cut. the WDM signal normally propagat- 
ing counterclockwise on a working path established in 
the ring 103 is also affected. In this case, the nodes 108 
and 106 acts as source and destination nodes to per- 25 
form the routine of Rg. 3, with node 107 also acting as 
an intermediate node, to switch over the signal to a pro- 
tection path pre-establishe d in the ring 104. 
[0037] jIt is seen that thelwigttr^^ 
foTrecoveririg a is significarrtiy reduced in corrpar- 30 
ison with the prior art loopback fbur-fber ring network, 
iln a sirniiar srtuation to that shown in Figri; the 1^^ 
back fault recovery scheme would require nodes 105 
and 106 to form two loopback points, one on each end 
of the failed link, so that a recovery path is established 
starting from node 106, passing thixHigh nodes 107 and 
108 to TOdeJ[^j¥h«5j^^ back to the node 
108. /The presentlrWentionlFu^anows irrptenientatio^ 
of a fcy-^ber ririg rietwwk t^ struc- 
turie with a srryi riurfSy^of ihtermediate nodes. — ^ 
[0038] If the ridmluji^ a frarne fbhfnat in whk;h the 
bit position indicates information, the destination node 
identifier and the path identifiers may be respectively 
assigned first and second eight bits of the section over- 
head and the command may be represented by one bit 
I^P?2flb^S9S=rn€ffitio'n6d C)^^ only one worK- 
ing"opticar"^Sr^ affect by a link fajli^ fortf^ep^- 
jfSo^ df descrS)ing itie basic opemtiorTdf e^Trode 

^"^t?^!y!L!??y.?LP'??^7^ a numbS^ofopti^ 
pait^are affectedsimultaneously, it is advantageous for 
a source node to formulate an 0AM frame by concate- 
nating such bit sequences in nurTi)er corresponding to 
the nuvrber of affected paths, or wavelengths. Using a 
single command message, protectk)n switching can be 
performed simultaneously on as many optical paths as ss 
there are different wavelengths in a fber link. 
[0039] Ftg. 4 shows an example of path config uration 
of the present invention in which a number-of optioii^ 



,patf« are estaUishedJn thejrari^ 
^sih^e wavelengtfT Since the network ^ of the symrnet- 
rical stifuctwe with respect to the direction of transmis- 
sioa the path configuration of the second pair of rings 
103 and 104 is identical to that of the first pair, only one 
pair of rings 101 and 102 is illustrated. 

[0040] As illustrated, optical paths 401 to 404 are 
established in the clockwise working ring 101 using 
wavelength X^. Since it is possible to use other wave- 
lengths to establish additional optical paths in the net- 
work, only one wavelength is shown to describe the 
advantage of the present invention. 
[0041] Optical paths 401 to 404 are established on the 
woridng ring 101 between adjacent nodes in the ckxk- 
wise direction of transmission. Correspondng to the 
working optical paths 401 to 404, protection optical 
paths 40r to 404' are respectively established in the 
counterdockwise ring 102 in such configuration that 
they support their counterparts in the event of a link fail- 
ure. Spcdfically. protection path 401' extends counter- 
dockwise from node 106 to node 105 via nodes 107 
and 108, path 402* extending from node 105 to node 
108 via nodes 105 and 107. path 403' extending from 
node 108 to 107 via nodes 105 and 106. and path 404' 
extending from node 107 to 106 via nodes 108 and 105. 
[D042] E^bli^em~of morethan twooptical'gtiiKS 
CTVjsingle waveleriglh r ^ourol^iLK ih anl^cal 
^ring topology networi< of highTi iilS tioh efficii^itcy/as 
oonpareSTwttTthe cbnverrtioifial two-ffiS" ring netwSrk 
where only one optical path is allowed for^both woridng 



and protection rings and the wavelength resource of the 
prot^b^^^^diisivety used the working^ring^ 
Ctrvthepresentjnvegtibn 



protection ring isliiot^ea ffiligwly used by the workihg 
3S QingTRatfier^itisshi^ 

Cif^'ng../ ■ 

[0043] ^ ^nother important feature of ttie pres^ invent 
f ton IS that since the distance travelled by the 0AM 
^^frarn§'i§T^5l'greater than the length of the ring and since;> 
jCntermediatiB^niOdes are not^involved**in"^protection 
switching, the amount^of time taken to complete a fautt 
r^overy process is oonparable.^to^that otthe„(»nyen- 
^tional SONELfour.-ringtopotogy network./ 
[0044] In contrast with the conventional two-fber ring 
networic where the protection ring is always used for 
transportng signals in a direction opposite to that of the 
signals on the working ring, the present invention.pro- 
vj des a furth_ ei.advantage in-that ttieSiom^ unused^' 
protection ring can be 1^ fbr.transporting k>w priai^ 

L jj- f ■ ' 

agnaisj 

pb45] In addition, difficulty exists in the prior art WDM 
ring-topology networt( to perfonn 0AM management 
functions on wavelengths using a bundle of optical 
paths as a management unit Such wavetengdTrmn^ 

^^^'"^iL^^^^PjP^'®^ ^''"sing^the prese^ 
in^SSBSwa^SJET^irTiirOT — ^i^s^iija^ 
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paths can be used 



'[0046] The cost of the ring-topology networi^ of the 
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present invention can be reduced by rfufi^^ 
rtior^ wavelengths X3 and on the workirig and prptec- 
^tion rir^ 101 arid 102. ir^tead of jising rings 103 a^ 

(l04r^ ~ 



switch 502 to the right In response, the node B moves 
its switch 505 to the right. Ihe transrrvt^si^ialpf^^B' 
is hw coupIedThTouglTtfie switch 505 to the wavchr 

/■ ■ Till— i^n->' . ; i-": "" _^ ' ir^ ".i*!--.. ■ . . ■ 



length ccwwter 507 where its wavefen'gtii iis converted 
fforn to^X^pie Ao-transnit signal is then applied>to 



[6b47] Oneenribodinrerto fthisjtwo-fberrin^^ 5 

is shown sdierratolly in Fg. 5. Each of the vwxWng . 

arril^te^OT rti^lOf ^ 102 is jdenHcaily a^igfied? ^ring torarid transmi tted in ttie d&d^^^e^^on'^PA 



the prof^on path ^tabllshed.on wavelength in the" 



four wavelengtfis to x/ln each ririg^^mvelengths )2y 



and are used to estabfish working plMan3*v^e- 
lengths A3 and are used to establish protection paths. 
The working paths in the ring 101 are to carry opti- 
cal signals in the clockwise direction and those in the 
ring 102 are used to carry optical signals in the counter- 
clockwise direction. Thus, if the two-ring topology net- 
work has two nodes A and B as illustrated in Rg. 5. two 
working paths and tiivo protection paths can be estab- 
lished between nodes A and B in each of the rings 1 01 
and 102. If wavelength Xf is used for communication 
between nodes A and B, they use rings 101 and 102 
respectively for their normal transmission. 
[0048] Node A i s provid e d with protectron switches 
501 and 502 and a^elengthWrii^^i^^^~a^ node 
B is Okewise provided with protection switches 505 and 
506 and a ^vei engthlconver^ During nonnal 
operation, all swrtch^'aifelp^tioned to the left for 
transmission and reception of wavelength . so that the 
transmit signal from the switch 501 of node A is sent 
through ring 101 and received by switch 506 at node B 
and the transmit signal from the switch 505 of node B is 
sent through ring 102 and received by switch 502 at 
node A. 

[0049] If node B detects the occurrence of a failure on 
the ring 101 t>y examining its terminating signal from 
ring 101, it sends a command message at wavelength 
As on the ring 1 02 to node A and moves its switch 506 to 
the right In response, the node A moves its switch 501 
to the right Assume that wavelength A3 is assigned to 
both nodes for their transmission of signals during fault 
recovery time. ^Tfielifismil s^^ sfnade A is now coit^ 
/^ed^thrdup^the tolhe^u^ve^oigth conv^er 

^ 'wHgg'gg g^ Ai? 
/Fhs^Aj^trahsrifiit sic^ is'then a£li«l1^tHep^^ 
[jath eslat}lshed on wavelength Aq m the n ng 102 and 
.tnS^fSed in the counterclockwise dire^ion! At node B, 
thewavelertpTof'this"^^ the 
switch 506. Since the transmit signal of the node B is 
unaffected, both nodes mai ntain their switches 502 and 
505 in the left position. ThlisTTie transmit signals of 
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both'riodes propagate in the sam e oounterck xta^ 
dir^aSn o ver the rir^ 102 when the rir^ 101 feil^ so 
/ AW^SBgirffie wSStength A3 from ring 102 te^iftS^ 
/ffom thal normally received throug^i rii^ ioi jfte'n ode 
'-B'tf§ilg'it'Sg'*m^th"e'Sffie'w^ 
m ally usg i. / 

[0050] On the other hand, if the node A detects the 
occun'ence of a failure on the ring 102 while it is using 
the ring 101 for normal transmission, it sends a conv 
mand message on the ring 101 to node B and nxjves its 



55 



/node the wavel&igth of this signal is received 
through the switch 502. Since the transmit signal of the 
10 node A is unaffected, both nodes maintain their 
switches 501 and 506 in the left position Thi^thetrar^ 
mit signal bothTnd^pra^^ ck)C)^ 
yWiseUifectidii over fe mglOlw^ 
^^Ithough mTiirai«leng5rA3 fromTing^lOl is cfifferent? 
15 from that normally received through ring 102, the node 
A treats H as if it has the ^^I^l^elength as that no^- 
rnally^iised- — " 
[0051] Fig. 6 shows details of each node of Fig. 5. 
Each node e provided with add-drop multiplexers 600 
and 610 which are respectively associated with rings 
101 and 102. 

[0052] In the ADM 600. WDM signal on the ring 101 
(102) is separated by a demultiptexer 700 into four 
wavelength components. Wavelengths A3 and A4 are 
supplied through splitters 701 and 702 to path switches 
705 and 706. whereas A^ and A2 are supplied direct to 
path switches 703 and 704. Multiplexer 707 combines 
the outputs of the path switches 703 to 706 onto the ring 

101 (102). W^elength A3 and A4 from splitters 701 and 
30 702 are respectively sipplied to protection switches 619 

and 620 via splitters 616 and 618. On the other hand. 
WDM signal on the ring 102 (101) is separated by a 
demult^exer 710 of ADM 610 into four wavelength 
components. W^elengths A^ and A2 are suppfied 
through splitters 711 and 712 to path switches 713 and 
714. whereas A3 and A4 are supplied direct to path 
switches 715 and 716. Multiplexer 717 muHplexes out- 
put signals of the path switches 713 to 716 onto the ring 
^Q2 (101). 

[0053] Via splitters 615 and 617, wavelength signals 
and A2 from splitters 711 and 712 are respectively 
supplied to protection switches 619 and 620. Monitor' 
circuit~630^receives replicas of the terminating signals 
from splitters 6 1 5 to 618 toj ^^tfilirqialrtyafTd^- 
trols the^pi^ection switches 619and 62(J ttfdetermine 
which one of the terminating signals from rings 101 and 

102 is to be supplied to the networit element. 
[0054] Monitor circuit 630 further controls protection 
9wtches 611 and j12 for couplingthefrai^^ 

^Xi7arxJ"A2 of the loral node to one of the rin^ 101 aixJ 
^1^ Wheffth«5e'prota^ switchesarelnoved to the 
lower position, s ig nab jnd A^ are coupled to vrav&^' 
/ler^ converters 613 and 6T4Jand convertedto Ajartd 
A4. re spect vejy. The outputs of wavelength converters 
613. 614 are switched through the path switches 715 
and 716 to the multiplexer 717 for transmission on ring 
102 (101). When the protection switches 61 1. 612 are 
moved to the upper position, the signals A^ and A2 are 
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coupled through the path switches 703 and 704 to the 
multi)lexer 707 for transmission on ring 101 (102). 

[0055] Rg. 7 schematically shows routes followed by 
signals of Rg^ 6 in the case of node A of Rg.5. During 
nonnaToperation. transmit signal X\ is coupled through s 
prctectroffTswitch 611 and path switch 705 and for- 
warded onto ring 101. Terminating signal from ring 
102 is coupled through splitters 711 and 615 to protec- 
tion switch 619 as indicated by a solid thick line. 
[0056] WR^^ ^W fpg. the protection switch w 
611 is moved to the lower position, coupling the transmit 
signal to the wavelength converter 61 3. Thus, the wave- 
length of the signal is converted to and transmitted 
through the path switch 715 to the ring 102 as indicated 
by a thick broken lina Thu Sp^ttSTopmnftinicating^ 



transmit signals of both nodes propag^ in^the same 



transmit their sigr gjs on differe nt wavelengths, using the 
^sameringip2r 

[0057] If the ring 102 fails, instead of ring 101. thepro- 
tection switch 619 s moved to the upper position. Since 
the ring 102isnottheworidngringofthe local node.it 
is the remote node that switches its protection switch 
61J .JliiB.^ff the local Twd^the^ten^^ 
aifiv^ on ring toyknd is coupled through'i^^ 
and 616 toprotCMction switch 619 and thence to the net- 
work element as indicated by a thick broken line. 
[0058] A modifie d fbmri of the e mbocfiment of R^ 5 
to 7 is shown in|F ^^r§^ *lO?in which parts corre- 
sponcOng in significance to those in Rgs. 5 to 7 are 
mari^ with the same numerals as those in Rgs. 5 to 7. 
[0059] As shwm in R g. 8. wridng optical paths are 
established withyV^velengths 



wavelengths and Ag^^Prqtertiwi^optical paths are 
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40 



^usingAi^andAg on ring 102. This anangeme^ 3S 
inates the need^to usewavelengthoonverters."^^ 
[0060] For communication between nodes A and B, 
wavelengths A^ and A3 as well as rings 101 and 102 are 
assigned respectively to nodes A and B. During normal 
operation, protection switches 501 and 502. at node A. 
are ananged to transmit wavelength A^ to ring 101 and 
receive terminating signal A3 from ring 102. At node B, 
protection awrtches 505 and 506 are arranged to trans- 
mit wavelength A3 to ring 102 and receive terminating 
signal A^ from ring 101. During fault recovery time, 
wavelengths and A3 are also used by nodes A and B. 
respectively. 

[0061 ] If node B detects the occurrence of a failure on 
the ring 101. it sends an 0AM frame at wavelengtti A3 
on ring 102 to the node A and moves its own switch 506 
to the right. In response, the node A moves its switch 
501 to the right for coupling the transmit signal A^ 
through switch 501 to the protection patti established on 
wavelength A^ in the ring 102 and transmitted in the 
counterclockwise (firection. This signal is rec^ed.^at 
node B, throu gh the s witch 506 . Since th^knsmit^sigy^ 



L 



nal of node B is unaffected, both nodes niaintain^their 
;switches^i2^ndjM5Jr^^ Thus7Si? 



counterclockwise direction using different wavelengths 
^over tfte^rihg i02 whisn the ring~ lOi faiS. 

[CNI62] IfthenodeA^ectstheoccun-enceofafailure 
on the ring 102 while it is using the ring 101 for normal 
transmisskxi, it sends an 0AM frame at wavelength A^ 
on ttie ring 101 to node B and moves its switch 502 to 
the right In response, the node B moves its switch 505 
to the rig^. The transmit signal A3, at node B, is now 
coupled through the switch 505 to the protection path 
established on wavelength ^ in the ring 101 and trans- 
mitted in the clockwise direction. At node A, this signal 
is received through the switch 502. Similar to Rg. 5. 
when the ring 102 fails, both nodes maintain their 



75 switches 501 and 506 in the left po sition and/ the ^are*- 
/mitlignals^ ripfJes propagatelrvtiie^jfie clo^- 
wisiedlrection over the ringj 01 . 
[bd63]''7tenh«SSln node of Rg. 8 is 

amilar in conf iguration to that of R g. 6 except that v^i^ 
^length converters 61^ jntiL61 4 are dispensed with and 
i^itters 7^* and 712' are connected to receive.wave- 
^length sign^A3 ajrd A4 from denuilt^exer 71^ 
pling to spfittfs^617jarid 615.^ 
100641'^Ftoutes that are followed by the signals of Rg. 
9 are schematicaDy show in Rg. 10 in the case of node 
A of Rg. 8. During normal operation, transmit signal A^ 
is coupled through protection switch 611 and path 
switch 705 to ring 101. Terminating signal from ring 
102 is coupled through splitters 711 and 615 to protec- 
tion switc h 619 as indicated b y a solid thick line. 
[00651 ^^en the^ring JoTfaiB: the protection switch 
61 1 is moved to the lower petition, coupling the transmit 
signal through path switch 713 to the ring 102 as incfi- 
cated by a thick brok en line. T hus7the~0Dhm^^ 
;nod^transfnit ttieifsignals on ^eiengtf^X and Xq, 
usir^l^saine nng 102.^ 

[P066] lf'"tiienng^1GK2 i^te^ instead of ring 101, the pro- 
tection swTtch~61 9 is moved to the upper position. Since 
the ring 102 is not the woridng ring of the local node A. 
it is the renx)te node that switches its protection switch 



611. Thus, at the local node, the terminating signal A? 
annves on nng 101 and is coupled ttirough splitters 701^^ 
artl 616 to the network element as indicated^a ttnck 
iKoken flnis. ^ 
AS [DOeyi' ^The fplkwing de scription is again concerned 
with aJoWES^ringliei^^ 
ity signals, or eid^affjc arej^^ 
102l'lndJiM.,Rg. 11 A shows one example of a 
fouFnng topology networic in which extra traffic is car- 
so ried on an extra-traffic path 1101 on ring 104 between 
nodes 106 and 107 (shorter side of a ring) and on a 
extra-traffic paths 1102, 1103 and 1104 on ring 102 
between these nodes (longer side of the ring) as indi- 
cated by thick solid lines. 
ss [0068] Since fhe&^-traffic pattislmist becl^red 
befor^aprrtectiOT p^ fwrrornial traffic, 

^compiewty^^rotectiorTT switdiiiig inCTea®^~wilh the 
number of node4o-node hops and the number of extra- 
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traffic paths. 

[0069] In addition, the shorter side of a ring between 
nodes 106 and 107 has a smaller nunt>er of extra-traffic 
paths than its longer side. Thus, it^^^advantageous to 
fri^ dear theeiara ^frafficpa^^ a s 

111 III! Ilia I— ii*i^«^mi*^r^r'n''' tT- r rt'Ti ' ' »^fcMn«lri«rr — ^ 



4. 



nng'wtferri^^^l^ llbe^yeen n(^^nt)^od?^ 

imSeJoSg^eor 



LExtra.traffic.Datbs oo^the long sidepfWring 
are deared only rf a faflure also occurs on a pratectipn 
ji&th 14_CH;aII Enks^betwee n nodes 10 6 and Ij ^as 
sfra¥nin,Fig.jMB. 

[0070] Details of each of the nodes o f Figs. 11A and 



w 



1 1 B are shown in Fig. 1 2{^B?§^fl^^^1 0iriO3:> 
are connected optical denrtuttipli^isl20l7l^"and 
optical multiplexers 1211, 1213. Arvoptj^pattrsmj^^ 
^122yis connected between these demultiplexers and 
the multiplexers. In a symmetrical relationships a set of 
optical demultiplexers 1201, 1203 and multiplexers 
1212. 1214 are assodated with prot£tibh'nn^1027 
104, wrttranopti«il"palh switdH^ 
betweCT these'd€fmuHipl g(ers^^ 

[0071] Anj^Hng optical:prot ection s witch-1231 is 

(^^^^djp tfie in putsj f all multqslexers yia.|he„path 
^yitches 1221 and^lZ^^^nd^runconnjig^^^ pjo^ 
/tection siwrtch 1232^is oshnected^Jo the outpute of.a^^ 
demultiplexers via sprittes:5_J24l£l244„and„the^path 



switches^ 

[6072^ Similar to the previous embodiment, tftepaSv" 
switches^ are used to establish optical paths^betwe^ 



nodes as well as to add u^^tiansmit WDM signals to and 



drop off terminating WDM signals from the transmis 



rings 101 to 104. Monitor drcuit l 250 receives replicas 
of the terminating signals from the splj ttere as wefl as 
0AM frames from thed^rajittipJexers to control the pro- 
tfctionjwnS^^^land^ ' ' 
[OKrTS] The operation of the monitor drcuit 1250 of the 
nodes 107 and 106 will be described with the aid of the 
flowcharts of Rgs. 13A. 13B and 14. It is assumed that 
the node 107 is a destination node communicating with 
the source node 1 06 on the working path 11 and d^ects 
a path failure caused by a link cut (see Rg. 11A)when 
the bit error rate of the terminating signal appearing at 
one of the outp uts of dem ulj^lexer 1201 falls below a 
threshokl level. Ifis furtfi»r^aniied that an'add^ 



link failure occurs in||;^gro|ed^OT path f4^ 
witfrBi e failure of woridr ig i^ttrM (see^ig/llB)*. 
[0074]~'As shown in Rg. 13A, whefTthe monitor drcuit 
1250 of node 107 d^ects a higher-than-threshold bit 
error rate, it exits step 1301 and enters step 1302 to for- 
mulate and transmit an ET-stop command message 
onto the woridng path 13 to instruct the node 106 to stop 
sending the extra traffic signal and to return an end-of- 
transmission message when it has deared the ET path 
1 101 to establish a protection path 14. 
[0075] Node 107 then begins a timing action (step 
1303) and proceeds to decision step 1304 to check to 
see if an end-of-transmission message is received from 
the node 1 06. If this message is received, flow proceeds 
from step 1304 to step 1305 to forward a switchover 



15 



20 



25 



n 30 



35 



40 



45 



50 



55 



command message on the woridng path 13 to instruct 
the node 106 to switch from the tailed path 11 to the pro- 
tection path 14. Node 107 starts a timing action at step 
1306 and waits for a switchover corrplete message from 
the node 106 (step 1307). If this switchover complete 
message is received, flow proceeds from step 1307 to 
step 1 308 to switch from the failed path 1 1 to the protec- 
tion path 1 4. and returns to the starting point of the rou- 
tine. 

[0076] If an end-of-transmisston message is not 
received from the node 106 within the period of the tim- 
ing action started at step 1 303, or if no swrtdxiver com- 
plete message is received from the node 106 within the 
period of the timing action started at step 1306, fkw 
proceeds from step 1310 or 131 1 to dedsion step 1312 
to check to see if an ET stop command message is 
received from the node 106. If sa the node 107 dears 
the extra traffic path 1 104 at step 1313, and starts a tim- 
ing action at step 1314. 

[0077] Node 107 proceeds from step 1314 to step 
1315 to determine whether a switchover command 
message is received from the node 1 06 through the pro- 
tection ring 102. 

[0078] If all links between nodes 106 and 107 fail due 
to a cable cut, no ET stop command message will be 
received and the decision at step 1312 is negativa In 
this case, the node 107 proceeds to step 1321 (Ftg. 
13B) to forward ET-stop command messages onto the 
ring 102 to the nodes 108, 105and 106tO 6top sen£ng 
^thaj^g(tra^traffic:signals:andiclear-tha^^ 
l^SjL102,"1103ana :i104(see Rg. 118). 
[0079] A timing action is then started (step 1322) to 
wait for end-of-transmission messages from the nodes 
108, 105 and 106 (step 1323). If all of these messages 
are received within the period of th^ timing action, fk)w 
proceeds from step 1323 to step 1324 to forward a 
switchover command message on the ring 102 to the 
node 106 to instruct it to switch from the failed path 11 
to the protection path 12. Othenivise, flow exits step 
1326 and returns to the starting pdnt of the routine At 
step 1325. the node 107 also switches from the fafled 
padh 11 to the protection patii 12, and returns to the 
starting point of the routine. 

[0080] Refemngto Fig. 14, when the source node 106 
receives an extra^traffic stop command message from 
the node 107 at step 1401, it proceeds to step 1402 to 
dear the extra traffic path 1102. In addition, the node 
109 also receives this message and dears the extra 
traffic path 1101. Protection path 14 is thus established. 
[0081] At step 1403, the node 106 begins a timing 
action and proceeds to dedsion step 1404 to check to 
see if a switchover command message (see step 1305. 
Rg. 13) is received from the node 107. If sa it switches 
from the failed path 11 to the protection path 14 (step 
1405) and sends a switchover corrplete message on 
the protection path 14 to the node 107 (step 1406). and 
returns to the starting point of the routina 
[0082] If the node 1 06 fails to receive the switchover 
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command message within the period of the timing 
action started at step 1403. flwv proceeds from step 
1407 to step 1408 to fonvard ET-stop command mes- 
sages onto the ring 102 to the nodes 105, 108 and 107 
to stop sending their extra traffic signals and dear their 
extra-traffic paths 1102. 1103 and 1104 (see Rg. 11B). 

[0083] A timing action is then started (step 1409) to 
wait for end-ot-transmission messages from the nodes 
105, 108 and 107 (step 1410). (f all of these messages 
are received within the period of th^ timing action, flow 
proceeds from step 1410 to step 1411 to fonward a 
switchover command message on the ring 102 to the 
node 107 to instruct it to switch from the tailed path 11 
to the protection path 12. Otherwise, flow exits step 
1413 and returns to the starting point of the routina At 
step 1412, the node 106 also switches from the failed 
path 11 to the protection path 12, and returns to the 
starting point of the routine. 

[0084] Returning to Frg. 1 3. the node 1 07 receives this 
switchover command message of step 1411 from the 
node 1 06 within the period of the timing action started at 
step 1314, and proceeds to step 1316to switch from the 
failed path 11 to the protection path 12, and returns to 
the starting point of the routine. If no switchover com- 
mand message is received within the period of the tinv 
ing action started at step 1314, the node 107 
recognizes that no availat)le path is present for recover- 
ing the fautls, and returns to the starling point of the rou- 
tine from step 1317. 

[0085] It is seen therefqre that in^a fc^^ 
networii wherejanur^^ traffic paths are esmb^ 



lished on^protectiorrmutes;;the extra traffic paths on^a 
short prptecSK' roiite are firg deared to establish^a 
short protection path. If this protection path is not estab- 
lishedwithin a prescrbed interval due to an additional 
failur;e,' then .the jBxtra paths on a longer route are 
deared to estat)lish a longer protection path. 



[0086] Fig. 1 5A/shows de^ls of tfie transnvt prdtec- 



C 



tion switch 1231 and the receive protectiOT switch 1232 



of Rg._12 Because of the tsidirectional characteristic of 
ptratonic devices such as optical couplers and optical 
switches, it is advantageous for universal applications 
that each of these transmit and receive protection 
switches can t>6 constructed of identical configuration 
for possit)le failures. 

[0087] A muttipprt optical coupler, lor example, can t>e 
used as an optical splitter k>ecause a light beam incident 
on one of its ports appears equally at the other ports. It 
can also t>e used as an ppticairoOTt^ner ormulbpl&o^ 
if two or more light t)eanis are incident on a number of 
input ports, they are combined together and appears at 
an output port 

[0088] For simplidty, optical paths from node A to 
node B only are illustrated in a four-ring topology net- 
woric, using two woridng rings 101 and 103 and two pro- 
tection rings 102 and 104. It should be appredated that 
the same four rings can also be used by optical paths 
from node B to node A. The transmit protection switch 



1231 and the receive protection switch 1232 are located 
in the nodes A and B, respectively. 
[0089] Within the node A, the optical protection switch 
1231 includes a pair of optical coMpler5|^g^^^$^ 
which act as^cal spBtters'on two transmit'for dividing 
each signal into two rbut^^The outputs of splitter 1501 

arerorin ected to ^^Jj^^g^^^SS^^SS^S^^^jg^/^/ 
" I switch 1504 and the outputs of splitter-152"are 
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jdohnected to a 1 X 3 optical switch 1 504 and a 1 X 2 opti- 
cal switdtySOS.,, pptical switches are controlled 
byttiejTcnitordrcujt 1250/ 
[PQ9P]_The_outputs of optical switch 1503 lead to^opti;^ 
^ combiners 1507^ 1508 and 1509!.^the outputs of opti- 
cal switch 1504 leading to optical combiners 1507 and 
1508. In a symmetrical configuration, tfie outpute of 
opticaLswrtch 1505 lead to qpti^ rannbiners J5^ 
509 and 1 508,^ protection pattis are used by the out- 
put of optical swi^ 1505 leadirig to optical[cqmbiners 
15 10 an d 15p9.^ti^"corTt>]ners 1507 to 1510^re 
20 ^/connected to rings 101, 104. 102 and 103. respectivd^ 
[0091] Wrthin the node B. the optical protection switch 
1232 indudes$ti^ sptitteis 15^^^^ 
connected to nngs 101 . 104, 102 and 1^^Splitt«;|a 
has two outputs connected to a 3 x 1 optol^^ 
25^^ a 2 X Ijptical switeh ^^B.Sfi^&&^ 

outputs connected to switches 1525. 1^6 and a 3 x 1 



c 



optical switch 1528/The outputs of optical switch^ 



y 



1525 ahd 1526 are connected to a combiner 1529. In a 
symmetrical manner, splitter 1524 h£ two outputs con- 

/ ' III" L . raay f./- ^ ^ ^ _ 

nected to the swipes 1528 and 1527y and the fitter"" 
1 523 has three outputs connected to tfie swrtcH^ 1 525.' 
1527 aM 1528. /The outputs of.opticaJ ^iSS^^ 
and^l^S are connectedto axombiner 1530. 
[0092] FanorrnalcornniunK^ation, afirsttransniitdg- 
nal from node A is fonwarded onto working ring 101 via 
switch 1 503 and combiner 1 507 and received at node B 
via splitter 1521 and switch 1525. as incficated by a thick 
broken line 1 541 . A second transmit signal is forwarded 
onto woridng ring 103 via switch 1506 and 1510 and 
received at node B via splitter 1524 and switch 1528. as 
indk:ated a thick broken line 1542. 
[0093] ^l^r^blilaulFo^j^^ all rings that span 
between nod^A and B are cut off as indicated in Fig. 
ISA. the first fransmit signal on route 1541 is affected 
wtipe the seoond^bansn^ signal remains unaffected, 
ffhe monitor dncurt at node B det^^thaFttiiTsi^^ 



route 1541 has failed and^efranes the supervisory 



^^OAM^?rami^fiiii^ ori wSSeiSi^ftt^^ 
'that'p6i1So^^'olIll^nr^^ across ndd^AlNdB 

have tailed. At node B. the switch 1525 ismoved to the 
leftmost position to receive the affected dgial from pro- 
tection ring 102 via splitter 1523. In addition, the node B 
ir^tructsthe node A to move its switch 1 503 to the right- 
most position to forward the first transmit signal onto the 
protection path 102 via combiner 1509. In this way. an 
alternate route is estabOshed as indicated by a thick fine 
1550. 

[0094] If a link failure occurs on ttie woridng ring 101. 
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affecting onty one working path as strown in Fig. 15B. 
the nfionitor drcuit at node B detects that the sigial on 
route 1541 has failed and examines the supervisory 
0AM fran^ and knows that the signal on route 1541 
only has failed. Node B causes the switch 1525 to move 
to the c^er positk)n to receive the affected signal from 
protection ring 104 via splitter 1522. In addition, the 
node B instructs the monitor circuit at node A to move its 
switch 1503 to the center position to fonivaid the first 
transmit signal onto the protection path 104 via com- 



t)iner 1508. In this wayiliah alternate route Rs esta^ 




IS 



t protectk>n switchescan bejrio^ 
f ied as shown in Fig. 15C. In this modification, the split- 
ters 1529 and 1530 o[Rgs^15 A and J 5B ar e not use d. 
Instead^-the^^to^igf^gpti^ switches 1525 tQl528^ 
r Bse (firectly usled.as.^nputstGf'ametwo^k«eten^1e^t'^^toni--^ 
tOT^git 1250 Is arranged to detect a deoce fault in the / 
protection switches. K the workirigopb'cal swM 1^ 
,1528 fails, the monitor droit cprigps me spare switch 20 
1 526'6n 527 to divert the received from the failed 

~ _ _ ^ 

devica / 



Claims 

1 . A oommunicalions network comprising: 

a plurality of transmission links; and 
a plurality of nodes for interconnecting said 
links to form a woridng ring and a protection 
ring in a ring topology, and estat>rishing a plu- 
rality of working paths on said working ring and 
a plurality of protection paths on said protection 
ring con-espondir^ to said plurality of woridng 
paths* 

one of said woridng paths spanning across first 
and second nodes of said pi urality of nodes for 
transmissk)n of a signal in a first direction of 
said ring topotogy. 

one of said protection paths spanning across 
said first and second nodes for transnvssk)n of 
a signal in a second direction of said ring topol- 
ogy opposite to sM first direction, 
said first and second nodes normally using 
said one woridng path and t>eing responsive to 
a failure of said one woridng path for using said 
one protection path instead of said one woridng 
path. 



2. A comnuinications networi^ comprising: 

a plurality of transmission links; and 
a plurality of nodes for interconnecting said 
transmissbn linte to form first and second 
woridng rings and first and second protection 
rin^ in a ring topology, and establishing a plu- 
rality of wridng paths on each of said woridng 
rings and a plurality of protectbn paths on each 



of said protectran rings corresponding to said 
plurality of working paths, 
a first one of said woridng paths of said first 
woridng ring spanning aaoss first and second 
5 nodes of said plurafity of nodes for transmis- 

sion of a signal in a first cfirection of said ring 
topology, 

a second one of said woridng paths of said sec- 
ond woridng ring spanning aaoss the first and 
10 second nodes for transmisston of a signal in a 

second direction of the ring topok)gy opposite 
to the first cfirection, 

a first one of said protection paths on said first 
protection ring spanning across the first and 
second nodes for transmission of a signal in 
said second directk>n of said ring topology, 
a second one of said protection paths of said 
second protection ring spanning across the 
first and second nodes for transmissk)n of a 
signal in said first direction of said ring topol- 
ogy. 

said first and second nodes normally using 
said first and second woridng paths, respec- 
tively, and t>eing responsive to a failure of one 
25 of said first and second woridng paths for using 

a corresponding one of the first and second 
protection paths instead of the failed woridng 
path. 

30 3. A comnumications networi( comprising: 

a plurality of transmission links; and 
a plurafity of nodes for interconnecting said 
links to form a working ring and a protectton 
35 ring in a ring topok)gy, and establishing a plu- 

rality of woridng paths on said woridng ring and 
a plurality of extra traffic paths on said protec- 
tion ring, 

one of said woridng paths spanning across first 
40 andsecondnodesofsaki plurality of nodes for 

transmissbn of a signal in a first direction of 
said ring topology. 

one of saxi extra traff k; paths spanning across 
said first and second nodes for transmisskxi of 
45 a k3w-priority signal in a second cfirection of 

said ring topology opposite to sakl first direc- 
tk>n, 

said first and second nodes namafiy using 
said one woridng path and being responsive to 

50 a failure of said one woridng path for dearing 

said one extra traffk; path to establish a first 
protectkHi path and using the first protectkHi 
path, dearing other extra traffic paths to estab- 
lish a second protectkm path if saki first protec- 

55 tbn path is not successfully established and 

using said second protection path instead of 
the failed woridng path, said first protection 
path having a shorter length than said second 
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protectbn path. 



mat in which bit positions represent infionmation. 



4. A conmjnications network as claimed in daim 2, 
wherein first and second working paths of said plu- 
rality of working paths are assigned a first network 5 
resource and first and second protection paths of 
said plurality of protection paths are assigned a 
second network resource, 

said first node normally using said first network io 
resource and said first working path and t)eing 
responsive to a failure in said first ring for using 
said second network resource and said second 
protection path instead of said first network 
resource and said first working path, 75 
said second node normally using saki second 
network resource and saki second working 
path and b&r\Q responsive to a faOiflre of the 
second ring for using said first network 
resource and said first protection path instead 20 
of the second network resource and the sec- 
ond working path. 

5. A communk^ations network as claimed in daim 2, 
wherein first and second working paths of sakl plu- 25 
rality of working paths are assigned first and sec- 
ond network resources, respectively, and first and 
second protectbn paths of saki plurality of protec- 
tkm paths are assigned sakJ second and first net- 
work resources, respectively, 30 

saki first node normally using saki first network 
resource and said f irst working path and t)eing 
respor^ive to a failure of sakJ first ring for using 
saki second protectk)n path instead of saki first 35 
working path, 

saki second node normally using saki second 
network resource and saki second working 
path and t)eing responsive to a failure of the 
second ring for using the first protection path 40 
instead of the second protection path. 

6. A communicatbns network as daimed in daim 4 or 
5, wherein saki first and second network resources 
are optk:al energy of different wavelengths. 45 

7. A communicatk)ns network as claimed in daim 1 , 2, 
3, 4 or 5, wherein saki first node is arranged to 
detect said failure and transmit a command signal 

to saki second node for instructing the second node so 
to switch from saki one waking path to saki one 
protectk>n path. 

8. A communications network as claimed in daim 7. 
wherein said first node is a destination noda ss 

9. A comnuinications network as claimed in daim 7, 
wherein said oonunand signal is transmitted in for- 



10. Acommunk;atk)ns network as claimed in daim 1 , 2, 
3, 4 or 5. wherein each of saki first and second 
nodes conprises: 

a first demultiplexer for receiving a multiplex 
signal from saki one working path for produdng 
drop^ signals; 

a first multiplex^ for multiplexing add-up sig- 
nals onto saki one working path; 
a first path switch connected between saki first 
demultiplexer and saki f ir^ multiplexer; 
a second demultiplexer for receiving a miltiplex 
signal from saki one protection path for produc- 
ing dropoff signals; 

a second multiplexer for multiplexing add-up 
signals onto saki one protection path; 
a second path switch connected t)etween saki 
second demultiplexer and saki second multi- 
plexer; 

a transmit protectk>n switch; 
a receive protection switch; and 
control drcuitry tor monitoring saki one woridng 
path and controlfing saki transmit protection 
switch so that one of sakJ add-up signals is 
coupled to saki first multiplexer when no failure 
is deteded in saki one woridng path and cou- 
pled to saki second multiplexer when a failure 
is detected in said one working path, and con- 
trolling saki receive protection switch so that 
one of saki drop^iff sigr^ of saki first multi- 
plexer is received when no failure is detected in 
sakJ one working path and one of saki dropoff 
signals of saki second multiplexer is received 
when saki failure is deteded. 

11. A communications networic as daimed in daim 10, 
wherein saki control drcuitry is arranged to 
exchange control signal with adjacent nodes for 
controlling saki transmit and receive protection 
switches. 

12. A communications networi( as claimed in daim 10, 
wherein each of saki first and second dennittiptex- 
ers comprises an optical demultiplexer and each of 
saki first and second multiplexers comprises an 
optical multiplexer. 

13. A communications networic as claimed in daim 10. 
wherein saki transmit protection switch indudes 
first and second output ports associated with ones 
of saki working paths and third and fourth output 
ports assodated with ones of saki protection pattis, 

saki transmit protection switch being respon- 
sive to a control signal from saki control cir- 
cuitry for coupling two add-up signate to saki 
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first and seoond output ports respectively and 
coupling each one of said two add-up signals to 
one of the third and fourth ports, 

wherein said receive protection switch includes 
first and second input ports associated with 
ones of said worldng paths and third and fourth 
input ports associated with ones of said protec- 
tion pattis, 

said receive protection switch being responsive 
to a control signal from said control circuitry for 
receiving two drop-off signal from said first 
and second input ports and receiving each one 
of the drop-off signals from one of the third and 
fourth input ports. 

14. A communications network as claimed in daim 1 1 , 
wherein said transmit protection switch comprises: 

first second* third and fourth optical couplers 
respectively connected to said first, second, 
third and fourth output ports; and 
first, seoond, third and fourth optical switches, 
said first optical switch having outputs respec- 
tively coupled to said first third and fourth opti- 
cal couplers, said seoond optical switch having 
outputs respectively coupled to said second, 
third and fourth optical couplers, said third opti- 
cal switch having outputs coipled respectively 
to said first and third optical couplers, and said 
fourth optical switching having outputs respec- 
tively coupled to said seoond and fourth optical 
couplersw 

15. A communications network as claimed in daim 11, 
wherein sakl receive protection switch comprises: 

first seoond. third and fourth optical couplers 
respectively connected to said first, second, 
third and fourth input ports; and 
first second, third and fourth optical switches, 
said first optical switch having inputs respec- 
tively co(4)led to saki first third and fourth opti- 
cal couplers. sakJ second optical switch having 
inputs respectively coupled to saki second, 
third and fourth optical couplers, sakj third opti- 
cal switch having inputs coupled respectively to 
sakl first and third optical couplers, and sakJ 
fourth optical switching having inputs respec- 
tively coupled to saki second and fourth optical 
coiplers. 

16. A communications network as claimed in daim 14, 
wherein sakl transmit protection switch further com- 
prises: 

a fifth optical coupler having outputs respec- 
tively connected to said first and third optical 
switches; and 
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a sixth optical coupler having outputs respec- 
tively connected to said second and fourth opti- 
cal switches. 

17. A communications network as claimed in daim 15, 
wherein saki receive protection switch further com- 
prises: 

a fiftii optical coupl er having inputs respectively 
connected to saiti first and third optical 
switches; and 

a sixth optical coupler having inputs respec- 
tively connected to said second and fourth opti- 
cal switches. 

1& A networit node for a ring topok}gynetworic the net- 
work having first and second working rings and first 
and second optical protection rings in a ring topol- 
ogy, and a plurality of working paths on each of saki 
working rings and a plurality of protection paths on 
each of sakl protection rings corresponding to saki 
plurality of wortdng paths, the networic node com- 
prising: 

a first demultiplexer for receiving a multiplex 
signal from one of the wortdng paths for pro- 
dudng drop-off signate; 
a fnrst multiplexer for mult^)lexing add-up sig- 
nals onto sakl one wortdng patii; 
a first path switch connected k)etween saU ftrst 
demultiplexer and sakl first multiplexer; 
a second demultiplexer for receiving a multplex 
signal from one of saki protection paths for pro- 
dudng drop-off signal; 
a se(x>nd multiplexer for multiplexing add-up 
signals onto sakJ one protection path; 
a second path switch connected t)etween sakl 
second demultiplexer and saki second multi- 
plexer; 

a transmit protection switch; 
a receive protection switch; and 
control drcuitry for monitoring saki one wortdng 
path and controlling sakl transmit protection 
switch so that one of saki add-up s^nals is 
coupled to saki first multiplexer when no failure 
is detected in said one wortdng path and cou- 
pled to saki second muHptcxer when a failure 
is detected in said one wortdng path, and oon- 
trolling saki receive protection switch so ttiat 
one of saki drop-off signals of sakl first multi- 
plexer is received when no failure is detected in 
said one wortdng path and one of said drop-off 
signals of saki seoond multiplexer is received 
when saki failure is detected. 

19. A networtc node as claimed in daim 18. wherein 
said control drcuitry is arranged to ecchange con- 
trol signals with adjacent nodes for controlfing sakl 
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transmit and receive protection switches. 

20. A network node as dalmed in daim 18. wherein 
each of said first and second demuttipiexers com- 
pr^ an optical demultiplexer and each of said first 
and second multiplexers comprises an optical mul- 
tiplexer. 

21. A network node as daimed in daim 18, wherein 
said transmit protection switch indudes first and 
second output ports associated with ones of said 
working paths and third and fourth output ports 
associated with ones of said protection paths, 

said transmit protection switch being respon- 
sive to a control signal from said control dr- 
cuitry for coupling two add-up signals to said 
f irst and second output ports respectively and 
coupling each one of said two add-up signals to 
one of the third and fourth ports, 
wherein said receive protection switch indudes 
first and second input ports associated with 
ones of said working paths and third and fourth 
input ports assodated with ones of said protec- 
tion paths, 

said receive protection switch being responsive 
to a control signal from said control drcurtry for 
receiving two drop^iff signals from said first 
and second input ports and receiving each one 
of the drcpKrff signals from one of the third and 
fourth input ports. 

22. A network node as daimed in daim 21, wherein 
said transmit protection switch comprises: 

first, second, third and fourth optical couplers 
respectively connected to said first, second, 
third and fourth output ports; and 
first, second, third and fourth optical switches, 
said first optical switch having outputs respec- 
tively coupled to said first third and fourth opti- 
cal couplers, said second optical switch having 
outputs respectively coupled to said second, 
third and fourth optical couplers, sakJ third opti- 
cal switch having outputs coupled respectively 
to said first and third optical couplers, and said 
fourth optical switching having outputs respec- 
tively coupled to said second and fourth optical 
couplers. 

23. A network node as daimed in daim 21, wherein 
said receive protection switch corrprises: 

first, second, third and fourth optical couplers 
respectively connected to said first, second, 
third and fourth input ports; and 
first, second, third and fourth optical switches, 
said first optical switch having inputs respec- 
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tively coupled to said first, third and fourth opti- 
cal coiplers, said second optical switch having 
inputs respectively coipled to said second, 
third and fourth optx;al cotplers, said third opti- 
cal switch having inputs coupled respectively to 
said first and third optical couplers, and said 
fourth optk»l switching having inputs respec- 
tively coupled to said second and fourth optical 
couplers. 

24w A network node as daimed in daim 22. wherein 
said transmit protection switch further comprises: 

a fifth optica] coupler having outputs respec- 
tively connected to said first and third optical 
switches; and 

a sixth optical coupler having outputs respec- 
tively connected to said second and fourth opti- 
cal switches. 

25. A network node as daimed in daim 23. wherein 
said receive protection switch further comprises: 

afifth optical coupler having inputs respectively 
connected to said first and third optical 
switches; and 

a sixth optical coupler having inputs respec- 
tively connected to said second and fourth opti- 
cal switches. 

26. A fault recovery method for a communicatk)ns net- 
work, wherein the network comprises a plurality of 
transmisskHi linte, and a plurality of nodes for inter- 
connecting said links to form a working ring and a 
protection ring in a ring topology, and establishing a 
plurality of working paths on said working ring and 
a plurality of protection paths on said protection ring 
corresponding to saad plurality of woridng paths, the 
method corrprising the steps of: 

a) establishing one of said working paths 
between source and destination nodes of said 
plurality of nodes for transnisskxi of a signal in 
a first directkxi of said ring topology and estab- 
lishing one of said protection paths between 
said source and destination nodes for trans- 
mission of a signal in a second cGrection of said 
ring topok)gy opposite to said first directkm; 

b) using said one working path for conurunica- 
tion between said source and destination 
nodes; 

c) monitoring said woridng path at said destina- 
tion node; 

d) transmitting a switching command message 
from said destination node to sakl source node 
if a failure is detected in said woridng path; and 

e) using said one protection path for communi- 
cation between said source and destination 
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nodes, instead of the faOed working path, in 
response to said switching command mes- 
sage. 

27. A fault recovery method for a communications net- s 
work, wherein the network comprises a plurality of 
transmission links, and a plurality of nodes for inter- 
connecting said linte to form a working ring and a 
protection ring in a ring topology, and estatriishng a 
plurality of working paths on said working ring and 10 
a plurality of extra traffic paths on saki protection 
ring, the method comprising the steps of: 

a) establishing one of saki working paths 
between source and destination nodes of said is 
plurality of nodes for transmesfon of a signal in 

a first direction of sakl ring topology and estab- 
lishing one of saki extra traffk; paths between 
said source and destination nodes for trans- 
missbn of a low-priority signal in a second 20 
directfon of saki ring topofogy opposite to saki 
first directfon, 

b) normally using saki one working path 
between saki source and destination nodes; 

c) monitoring said one working path at said 2s 
destination node; 

d) clearing said one extra trafffo path to estab- 
lish a short-haul protection path between saki 
source and destination nodes when a failure is 
detected in saki one working path and using 30 
the short-haul protectfon path, instead of the 
failed wortdng path, between saki source and 
destination nodes; and 

e) clearing other extra traffic paths to establish 

a long-haul protectfon path if said short-haul 35 
protectfon path is not successfully established 
and using saki long-haul protectfon path, 
instead of the failed woridng path, between 
saki source and destination nodes. 
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